Chromophore topography and exciton splitting in phycocyanin 645.
The biliprotein phycocyanin 645 has been purified from a photosynthetic cryptomonad Chroomonas species. It is composed of two copies each of two polypeptides (alpha and beta); each alpha polypeptide has one chromophore, and each beta polypeptide has three. There are one cryptoviolin and two phycocyanobilins on each beta polypeptide and one 697-nm bilin on each alpha polypeptide for a total of eight chromophores on the protein. Circular dichroism (CD) spectroscopy has been used to investigate the arrangement of these chromophores. Comparisons among the intact protein (alpha 2 beta 2) and various urea-treated products have yielded a tentative model for chromophore topography. The six chromophores on the two beta polypeptides are segregated into three pairs. The chromophores of each pair are close enough to experience electronic interactions. One pair, consisting of the two cryptoviolins, produces exciton splitting on the blue edge of the visible CD spectrum, and the two pairs of phycocyanobilins cause exciton splitting on the red edge of this spectrum. Deconvolution shows that the CD spectrum of each pair has a positive and a negative band, which are nearly conservative as expected for exciton coupling. The two chromophores on the alpha polypeptides are more isolated. The pairing of cryptoviolin chromophores occurs across two beta polypeptides, but the more likely position of each of the two pairs of phycocyanobilins is probably not across a beta-beta interface but within a single beta polypeptide. The exciton splitting events both increase the range of visible light absorption for the protein and establish the routes of exciton migration through the protein.